The present study was conducted to understand the genetic diversity of bread wheat's that grown in Iran, and to evaluate polymorphism information content (PIC) of some wheat SSR primers. Experiment was done in the genomics Laboratory in Islamic Azad University, Khorramabad branch, Iran in 2012. Ninety-two bread wheat varieties were assayed to study the genetic diversity and polymorphism based on forty whole-genome SSR markers. Eighty alleles were identified and 2 alleles per locus were detected. The majority of SSR markers showed a high level of polymorphism. PIC values ranged from 0.12 (XBARC 148) to 0.80 (XBARC 54), with an average of 0.59 per primer, which indicates that markers were highly informative. According to similarity matrix, genetic similarity value ranged from 0.17 to 0.88. The lowest and highest genetic similarity were observed between 'Mihan' and 'Star' (No 31 and 57), 'Azadi' and 'Mahdavi' (No 4 and 6), respectively. Cluster analysis using the UPGMA method based on Jaccard coefficients was performed. Based on cluster analysis, 92 wheat cultivars were grouped in six clusters. Results indicated that Iranian grown wheat cultivars had high genetic diversity which could be exploited in wheat breeding programs.
Introduction
Common wheat Triticum aestivum L. (2n = 6x = 42), belonging to the family Poaceae, which is considered the most diverse and important family of the plant kingdom, produces large edible grains and provides about one-half of humans' food calories and a large part of their nutrient requirements. The availability of genetic variability in wheat material is a pre-requisite for any breeding program aimed towards the improvement of wheat productivity. Wheat breeding through hybridization also requires the selection of diverse genotypes, irrespective of whether the end product is a pure line or a hybrid variety (Prasad et al., 2000) . Loss of genetic diversity has become a problem, not only of the natural plant and animal population, but also agriculturally important species. Ancient cultivars or landraces and wild relatives of domesticated species are being lost as modern varieties become adopted by farmers. This had led to calls for genetic conservation of crop germplasm (Frankel & Bennett, 1970) . The use of molecular markers for the evaluation of genetic diversity is very common. Simple sequence repeats (SSRs) (Tautz et al., 1989) has been widely exploited in wheat due to its high level of polymorphisms, co-dominant inheritance and equal distribution in wheat genome (Roder et al., 1995; Parker et al., 2002) . SSRs is more abundant, ubiquitous in presence, hypervariable in nature and has high polymorphic information content (Gupta et al., 1996) . These markers have been used to characterize genetic diversity of wheat in many studies, including: Ijaz and Khan (2009) who investigated the genetic diversity of 63 bread wheat genotypes composed of 48 accessions and 15 cultivars, using 56 SSR markers. Cluster analysis based on microsatellite allelic diversity discriminated the accessions and cultivars into different clusters. Genetic diversity in 60 released hard red winter wheat cultivars were analyzed with 62 microsatellite markers in the Great Plains region of The United States. In that study, they found that genetic diversity gradually increased in cultivars released after the 1970s and cultivars released in the 1990s had the highest allelic richness. Cluster grouping gave close matches with pedigrees and with regional distribution of the cultivars (Prasad et al., 2009 ). Hai et al. (2007 using 52 SSR markers studied genetic diversity of 69 accessions of spring bread wheat and showed that the polymorphism index content value varied from 0.24 to 0.89 with an average of 0.68. The highest PIC for all accessions was found in the B genome (0.71) as compared to the A (0.68) and D genomes (0.63). In addition, SSR markers has been used to study genetic diversity of wheat cultivars in Argentina (Manifesto et al., 2001) , Egypt (Salem et al., 2008) , France (Roussel et al., 2004) , Iran (Eivazi et al., 2008; Mohammadi et al., 2009) , US (Mahmood et al., 2004; Fufa et al., 2005; Chao et al., 2007) , and Turkey (Akkaya & Buyukunal-Bal, 2004; Altintas et al., 2008) . However, genetic diversity of all bread wheat's that are cultivated in Iran, have not been evaluated by SSR markers. The aim of our study was evaluation of polymorphic information content (PIC) of 40 SSR markers, genetic variation among 92 bread wheat cultivars that are grown in Iran and to select parents to be used in development of high-yielding wheat cultivars in breeding programs.
Materials and Methods

Plant Materials and DNA Extraction
The experiment was conducted in the genomics Laboratory in Islamic Azad University, Khorramabad branch, Iran in 2012. Ninety-two bread wheat genotypes ( Table 1 ) were employed that either have been cultivated previously or are under cultivation at present in different regions of Iran and used widely in wheat production as well. DNA was extracted from two-week old plants of each genotype following the protocol of Diversity Arrays Technology company (DArT) (http://www.diversityarrays.com). The quality of the extracted DNA was examined under 0.8% agarose gel electrophoresis. DNA concentration was estimated using Picodrop. The final DNA concentration of each template stock was adjusted to 50 ng/µl.
SSR Analysis
Forty of SSR primers comprising 14 BARC (Song et al., 2005) , 10 XGWM (Roder et al., 1998) , 7 WMC (Gupta et al., 2002 ), 6 XCFD (Guyomarch et al., 2002 ) and 3 XCFA (Sourdille et al., 2001) were used in the present study. Primers were distributed on whole genome and selected from all 21 chromosomes of hexaploid wheat. The PCR was performed in a Thermal Cycler (Bio-Rad Model thermal cycler) in a volume of 15 µL containing 3 µL of DNA (50 ng/mL) and 12 µL of the master mix that consisted of 7.8 µL of ddH20, 1.5 µL of 10X PCR buffer, 0.3 µL of 100 mM MgCl 2 , 0.3 µL of 10 mM dNTPs, 0.5 µL of each forward and reverse primer (1 p.m/mL) and 0.1 µL of Taq polymerase (500 U/mL). The amplification step was as follows: 1 cycle at 94°C for 4 min, then 35 cycles comprising 94°C for 1 min, annealing of primer at 50-60°C (depending on the primer) for 1 min and then extension at 72°C for 1 min. The final extension was carried out at 72°C for 10 min. The amplification products were electrophoresed on 3.5% agarose gels (50% Metaphor and 50% LE agarose), and for staining, 3 µL Gel Red and dye (the 1.5:1.5 ratio) was added to each sample. Photography was performed using the Bio-Red Gel Doc.
Data Collection and Analysis
Presence and absence of bands were scored as 1 and 0, respectively. Genetic similarities were calculated using the Jacquard similarity coefficient (Jaccard, 1908) , and dendrogram obtained by clustering according to the un-weighted pair group method with arithmetic average UPGMA algorism using the NTSYS-pc software version 2.02 (Rohlf, 1992) . For the detection of alleles frequency Microsoft Excel software was used. Polymorphism information content (PIC) values were obtained using the formula developed by Anderson et al. (1993) . PIC=1-ΣPij 2 , where P ij is the frequency of j th allele of i th locus, summed across all the alleles for the locus over all genotypes.
Results and Discussion
SSR Polymorphism
In the present study 40 primers were used, each of primers detected two loci, A total of 80 alleles were identified. Majority of primers had high PIC and they identified high level of polymorphism. Therefore, these primers can be recommended to study genetic diversity and molecular mapping in bread wheat. The PIC-values, ranged from 0.12 for Xbarc148 to 0.80 for Xbarc54, with an average of 0.59 for all markers (Table 2 ).
This indicates that the markers were highly informative. Botstein et al. (1980) reported that PIC value>0.5 is considered as being highly informative marker while 0.5>PIC>0.25 is just informative marker, while PIC≤0.25 is a slightly informative marker. In previous studies, Landjeva1 et al. (2006) , reported the PIC values in Bulgarian winter wheat ranged between 0.10-0.81. Bryan et al. (1997) found that PIC value with an average of 0.51 from 49 SSR primer pairs was isolated from hexaploid wheat genome. The genetic differentiation of 60 wheat cultivars selected for adaptation and end-use from Hungary, Austria, and German using 42 microsatellites showed an average PIC value of 0.57 , that the results of the present study confirmed it. 
Cluster Analysis
Genetic similarity values among cultivars ranged from 0.17 to 0.88. The lowest and highest genetic similarity was observed between the 'Mihan' and 'Star' (No. 31 and 57), 'Azadi' and 'Mahdavi' (No 4 and 6) cultivars, respectively. To present the genetic relationship among 92 wheat cultivars, a dendrogram was constructed ( Figure  1) . If the cutting is done on the 53% similarity coefficient, cultivars could be divided into six major groups. Cluster I included 14 cultivars, cultivars under study had three growth types: spring, winter and facultative, maximum genetic similarity value (0.61) in this group was observed between Sardari (No. 70) and Azar-2 (No 71), that both are winter wheat. These cultivars are rainfed and suitable for planting in cold and moderate areas. Cluster II included 11 cultivars that all of them had spring growth type. Each of Clusters III and ІV consisted of 20 cultivars. Cultivars that were grouped in cluster III have spring and winter growth types. Although these cultivars have different growth type as a single trait, these cultivars were not significantly different at the molecular level presented by SSR primers that are used in this study. In this cluster, the maximum genetic similarity was observed between Sistan and Kohdasht cultivars (No 82 and 90) . The majority of cultivars that were grouped in cluster ІV had spring growth type, among all of cultivars No 4 and 6 revealed a high degree of similarity (0.88) that is grouped in this cluster. Twenty and 7 Cultivars were grouped in cluster V and VI. The highest genetic similarity (0.73) inside the cluster V was related to Gaspard and Gascogene (No 25 and 26) that both are winter growth type French varieties. In cluster VІ Shiroudi cultivar was grouped in a sub-cluster, this cultivar was less similar to the others that are grouped in this cluster. Maximum genetic similarity (0.70) on this cluster was observed between cultivars, that they are winter and facultative growth type, respectively. Although SSR or microsatellite markers are often of multi-allelic nature, co-dominant inheritance, relative abundance, and extensive genome coverage were observed (Gupta & Varshney, 2000) . Microsatellite markers are useful and becoming popular for different applications in wheat breeding due to their high level of polymorphism and easy handling (Devos et al., 1995; Roder et al., 1995; Bryan et al., 1997; Roy et al., 1999; Lelley et al., 2000) and are used to evaluate genetic diversity of hexaploid wheat (Al Khanjari et al., 2007) . In the present study SSR markers almost succeeded in discrimination wheat cultivars. But these markers could not separate wheat cultivars with different growth types completely. One reason could be that these cultivars had similar genetic resource, in addition that wheat is a self-pollinated crop and it has a narrow genetic base. Most of the primers that have been used in this study revealed a high polymorphism. So they can be used for screening, evaluation of genetic diversity and molecular mapping studies in bread wheat. In general, diversity measurements were higher in the cultivars at which such a high level of genetic similarity may be used for selection of the materials in the breeding programs where cultivars with high genetic distance can be used for this purpose. It can be concluded that more polymorphic wheat SSR markers could be used for efficient screening of the germplasm by saturating more regions of wheat genome. 
Conclusion
In the present investigation, SSR markers showed a high level of polymorphism and considered as enough informative in hexaploid wheat. The genetic diversity levels observed in bread wheat's that are cultivated in Iran would be useful indicators if such an approach is planned for the wheat genome. This makes genomic diversity estimates a potentially valuable predicting source for selecting diverse parent genotypes for favorable heterotic combinations in wheat improvement program. 
